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= (54) Title: NANOCRYSTAL OXIDE/GLASS COMPOSITE MESOPOROUS POWDER OR THIN FILM, PROCESS FOR PRO- 
=== DUCING THE SAME, AND UTILIZING THE POWDER OR THIN FILM, VARIOUS Ub\U ! S SECONDARY BATTERY AND 
^= LITHIUM STORING DEVICE 

== (54) +y-9-'f X«tt*BMb»-*5X«fty V#-7*l&ifcXI±*l*, *©«£a&t;fil|&*Xtt*tt 



Multicomponent 
glass phase 




a. .. NANOCRYSTAL 

b. .. MULTICOMPONENT GLASS PHASE 

(57) Abstract: [PROBLEMS] To realize (1) production of a composite mesoporous powder or thin film composed of microcrys- 
tal metal oxide/glass of three-dimensional structure with a large specific surface area; (2) having a framework of porous structure 
constituted of nanocrystalline metal oxide crystal and a slight amount of glass phase (Si0 2 or P 2 0 5 or B 2 0 3 ); (3) controlling of the 
crystal growth of metal oxide by a slight amount of glass phase (SI0 2 or P 2 0 5 or B 2 0 3 ): (4) simplification of the production process; 
and (5) use thereof in production of a lithium intercalation electric device, photocatalytic device, solar cell and energy storing de- 
vice. [MEANS FOR SOLVING PROBLEMS] There is provided a nanocrystal oxide/glass composite mesoporous powder or thin 
film characterized by having a three-dimensional structure with regularly arranged mesopores; and provided a secondary battery 
comprising the same. 
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[oooi] mmhmmLt^ymiim'r^E.^mmm^ #-y*mm 

mmthx(D, ftmmmm, m^v^m^mmt^xm^t^co-r 

[0002] ^BM*»y#-?;*^H:, H^^KllC^ljiEUS^JL^/f-^BTL^ 
«?£tt#J££^LTMCM41 (-^f-rf-^/v) ^>MCM48 

[0003] sfc, safe WtnolRiioyf^ii, ttfcamgfe^^frMtaw) 
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[0004] ^J:5^i^^^v^^x}«mwftLT%i^^^fttfsnfc«^ 

&5(##W:«3#!f0 o 
[0005] U>*U ^Hf)©yy*-7^Iift#)tj:7W7^^5/cJ6, 1g^#»LT 

[0006] ^m^-Xm :C. T. Kresge, M. E. Leonowicz, W. j. Roth, J. C. Vartuli, J. S. Beck, 
Nature 1992, 359, 710. 

##fF#m2:J. S. Beck, J. C. Vartuii, W. J. Roth, M. E. Leonowicz, C. T. Kresge, 
K. D. Schmitt, C. T.-W. Chu, D. H. Olson, E. W. Sheppard, S. B. McCullen, J. B. 
Higgins, J. L. Schlenker, Journal American Chemical Society. 1992, 114, 10834. 
I¥ftfr$tt3: P.Yang, D.Zhao, D.I.Margolese, B.F.Chmelka, G.D.Stucky, Nature, 
1998, 396, 152 

##M:S£4:D.Li, H.Zhou, I.Honraa, Nature Materials, 2004, 3, 65 
m^mi : #112003-386694 

[0007] ^mm^m^L^tir^mmn, (im^&&m&ttzE&5mmn^ 
^^mmm-^y^^^m^y^-y^^x^mm^mm-r^t, (2 
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[0008] -frmmmtix. {^i-j^-ym^yu^v-^m^m^ 

zzt, (?) is#-7#m&D7u-A7~-?<D * (cm^m^^M^>m^/^ 
(8)iOA/ g /^3te-^«i/-^t>, £*fm, limiWM^ii^ 

«Ti8»* (®mZ:U Ti0 2 : x=0.5~om«£itv5^ (9)3fc-Sfc«U— h# 
0.lA/g^0.5A/g, 2.0A/g, lOA/g£T_BfT^ *V^a!*.JJrtW»(^tf :L i 
Ti0 2 : x=0.5-0.8)«^t5r^^#^M^b#)^mm^ii^fcZ.^m I 

[0009] im»fci!?iJL^^ 

, 4) 50tf^400m Vg*5ffi<0i*iV ^S^feTl %5 - ^#^^1"^ 1 - 30V ^ 

[0010] ^5)^is^»^xtt*ffi^b»jSrt(@ltu AJRT^^S/K 

PO(OC 2 H ) X^SiCOC H HTEOS) o*^tt^^ 

fe^ioT^^©^M^b^-«^b^m^yy^^y^^ii3t^t-^^ 
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350-400° cr?tommir^k\z^x7uym#*xftR&mmm*&zi, 
400-700 0 crmmmir^tKx^x^y^^mm^mwL^^mm^ 

[0011] *^6)^n-,^^^xtt#ffi^m^JSr#l^i:L, ^l7;Va^>K 

Xtt&JROJfrfttft, PO(OC H s ) XttSKOC H ) (TEOS) 0D^^-y-^©T/Vn 

m&~90° CT^^-f^HtetSlS, ^££^350-400° CTJbDfft&S 

So 

[0012] ^tc7mm^ym<ommm^mK skx p o xm o r^-s^ 

[0013] *fc8)^SPTT?Mn0 2 , NiO, FelD, CuO, Li O, WO , SnO fcif©^ 

mfcm<Dtf7Xtt-gm&m4km (-MnO ,-NiO, -Fe O , -CuO, -Li O, -WO 

2 2 3 2 ' 3' 

-Sn0 2 ^a^^^rt^#m<bi-55x«6fe«c(Z)yy^-^^xtt^feig 

[0014] *mw\x tfc9)^T/te*wxte&m<omm&. noc h ) , zkoc h ) 

373' 494' 

NbCl., LiCl, NiCl 2 , FeCU CuCU MnCU SnCI XttWCl^hZZ.b&teWLh'? 

7ov^T^^c|Bm(DT-/f-^xm H l^b^--^y^^yy^-7^^^x^t# 
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[0015] *mw\% tizio) ±m5-8\c^xm^tbtc^yf-4m^ikmim-^v^ 
[ooi6] sfcfc, ^m^mm^^y^-y^mm^^^m^u r^m* 

^mm, i3) ^^x^^immm^i-^^w^^mtm-^y^m^ 

V^^*^t-r5±|BllXH:l2E«6©r?fc«?fe, 14)7l/-A!7-^©i©J¥ 
5)1-;-9-4Xm£Mi&fcyoi)K TiO x NiC\ MnO , FeO, Fe O , Fe O CoO CoO 

2 2 2 3 3 i ' 2' 

Cr0 2 , Co 0 4> W0 3 , SnO, SnOd^S^Lfcltt«±©^||^b«b"e*>Si:^#8fc 

[0017] 

16) XyXfat^ P CK SiO X^B 2 0^^»L^ia^±^teW{[:^^fo^^ 
Sr#»t1-5±SEll-150V^^MZl|B«©z:ftm?&s 17) #7**8 B\ MnO , 
NiO, Fe 0 3 , CuO, Li O, WO^ SnO^^^Lfclffi£i±©ma^jS^k^Sr x ffj 

^©M*^t-^-i^#^^S±f511-160V^^4^fEifecDr^mm, 19) 



WO 2005/047199 



6 



PCT/JP2004/016981 



fflU ^t(tl«W^O. lA/gi«910f&(l. OA/g) N ^b^ttlOOfiF(l 
OA/g)*T^<LTt>, 3 i 5«(^V^^«m)©^/^^-^S«l— h^O. lA/g 

[0018] *mw\%i£tt, 

] j^^mmm(DmmtLxf\mu^m^m^~h^o. iA/ g «io^(i. oa 
^tm-^y^m^y^-y^j^A(Dmmtvxmmu m-m^f^ 

0. lAXsXnomd. OA/g)^b^^lOOf&(lOA/g)*TS<tT%,mWf- 

[0019] £tc, 23)MS^«^bfe^4^DL^/^Xm^ H e B ^B^b 

3te«-ft«i^-^o. lA/g^i 

OOfg N 500ff % 100CM&©l^-htbfcS^^*5VN-Ob, U-hiSO. lA/g0#©4fiJ 

ffi«c(7)-^l;?fe, 24) if^» (r>95%)Sr^TLTV^rtS:##i:*t-5±|Bll- 
230v>-ftu&»U:|B«oz:ft«?fe s 25)])^^^<Dm4t-mttMmLtcZ.b% 

^ti-5±|Bll-24(D^^Ttb^{CfemW^^ 0 ^ N ^-/^^^/^^^y^ 

[0020] t-tc^WMlX 

itm, PO(OC H ) XfiSKOC H ) (TEOS) <Dfrffi&XftZflb&^#— S--M£<D 

T/^-Mmfrhtcmm^ mk(Hci)&uaz.z>3M. y^—v^m^-oxm 
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S, mU-90° CVmj&ZtffMtetZTM, Z.tV&QfS.q* 350-400° CT70D« 
^-^7^«^y2H-7^«&*«:$!i5t^-5X5S, 5^^^400-700° CTf m 

tltcr.frim(Dm&?8: 0 27)^©^TMnO , NiO, Fe 0 , CuO, Li O WO 

2 2 3 2 3 

mn-ummitm^y^-^m^mmitmi-uno -mo, -Fe o , -00 

2 2 3 

-up, -wo 3> -sno^m^^tmmtir^mt^emm^y^xw^ 

^mm^m-mmmitm^yM^-mm^mm^my^-'y^h^mm 
[002i] H7^^«5t^^i-^^y^xw B H B ^k^-^^^yy^-7^^x«^ 

+Mxtettfr~-&>9mmm>m^ ^-y^m^y^-Av-^m-j 
^^w^^mmimm^tm^ym (sio^iw o g ) izxmm^n 
5c u±\^i-y^xw^mm-^y^m^y^-y^Mx\mm, r 

^ftfcioT, ^^•M^F(iill 10A/g N 20A/g, 50A/g) iz&frfr 
mS^t/^LtcW: Khm^mm (r > 96%)£j|§fSl,TV ^ ^*Sr* 

[0022] [^i]H^^«it^«^y^x« H B B ^b%-^^m^yy^-7^o«5t 
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[g]2(a)]AD!»Ml-5M^&TJ^ 

im(c)]i~J^^W&gH7iO~j}77,pp -Mn02(-NiO, Fe203, CuO, Li20, 

wo3 ( sn02t^im^y^-y^m^(D^^xmm^^7f^mr%^ 0 

[!H2(d)]^-7f--rX^^TiO-^^P 0 -Mn02(-NiO, Fe203, CuO, Li20, 

[m3(a)]4oo o c^6wmnmum^mvxzf^ y ^^pm^m^utTio (r^ 1 

[g]3(b)]5oo o cx^m^mmmMmLtcy-y^^w^Tio-^yy.po m&y 
y#~ym^<Dmmn*mffim^mxhz> 0 
mmfryv^Tioj&®&mfrtfy*te(pp) \z£zmmztix\, ^y^-w 
-$<Dmm l ^mmpmxihz> 0 

[g]3(e)]500 o CT»aLfc^y^XTi0 2 ^^t^^tS(P 2 O s -MnO)ii^y , 
[^3(f)]7V-Ay-^O^©^y^XTi0 2 ^ H H H ^7^g(P0 r Mn0 2 )©M 
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2 

[M3&^i$Km<DiMXt#i^^ 

2 

2 

^^^^7Xffi(po s )-^ffi^M^^(CuoisnO)yy^-7^©^«^.^ 

[oo23] otk^e^^^*^ 

*^0J!©^yf-^xm B B B ^k%-^y^^yy^-y^^^^^iitti:bS 

[0024] £fc N ^^l-^iMc, V^nOH^7C«5i-efcoTfe, tf-7*mTk(D7U-W 
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-yr±, tyt^ig B e B ^iift«giiHl^^t©^7^la (sio jont 

2 2 S 

1ST, ^b^35wt%3g^fCi-6^^-e#5„ 

mitt, H^^^^^t5^y^^x^^ H ^t;#j-^^^y7K-7^(Z)^ 

[0025] JtSM^tC ^*(^1^^/V)Xtt3t^(^-lfy^)MH^7C*^ 
^5i-y^>f^»»AiMb*-^7^^y#-5^*(ffi|i:LT, TiO -P 0 , 

2 2 5 

ZrO -P O Nb O -P O Nb O -SiO , WO -P O , TiO -SiO , WO -SiO , ZrO -SiO 

* * 5 2525 25 2 325 2 2 3 2 2 2 

, ZrO -B a O s , ZrO -P 2 O g Si0 2 , TiO -P^SiO^ TiO^O BO) ZM^tZo 

^MtL-Cyn^y^^Wyx.ff:(EOHPO) 7o (EO) 2o =Pluronicl23, BASF))<B£ffi 
tfCo 0.8-12g(D(EO)JPOHEO) 2Q ^8-10g(D^y-/vm^(D^\ZXtl^ o 

[0026] 2.5g <OTi(OC H ) (ftil^«g^b$^LTte, Zr(OC H ) , NbCl , LiCl, NiCi 

3 7 3 4 9 4 5 

2 , FeQ, CuCl 2 , MnCl 2 , SnaXW/Cl%Z^mi-%Z£&T*%5)&lja^ ft#L / 
ft&b, lg 0.5N<O£gfe(HCl)&JKTU £fcJClg£)PO(C H ) ^7JD^T20B#^»L 

2 5 3 

{cio-c^wh^, yy^h^y^^^i-^Tio (7w 7 ^§)-po {m 

2 2 5 

*^)-P123£^&Ut, 

[0027] »fe<D^y:7>£^^ 350-400 0 c-?6H#ra5&£, *n»ai-^ri^ioTy 

n^y^57 Vj f-P123 =(EO) (PO) (EO) £|&5feU yiz-Ay-y^TiO (T*7K7r 

20 70 20 2 

#Cfcl N HtC^V^Hii^400-600 o C£>?1L^T\ 2B#^Si*7j[|ia^S|i-5ritj; 

or, T^/vyr^ffiOTio yy^yoTio ^mi^Tio 
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[0028] M^^u&m^x^M^ym^%^pp 5 ^mir^tK^x,w^BTio 

±miO -P O mm<D%&&m^X^ ZrO -P O , Nb O -P O , Nb O -SiO WO 

2 2 5 2 2 5 2 5 2 5 2 5 2' 3 

-P O TiO -SiO WO -SiO ZrO -SiO , ZrO -B O , ZrO -P O SiO , TiO -P O 

2 2 2 223 2252 225 

Si0 2 , TiO-POBO^^^H^TC^it^^tS^yf-^X^p^^b^-^^li 
^yy#-yX$fcfc£#5^^T^c„ 

[0029] (iVlMX^gj^TO-;^ 

^y^x^^ B e B Tio~^^po 5 ^^y#-7^^^©^^7^^y^-iy3>^ 
miff (H 2 (b))i^, 450° o-65o° c^x<Dwm^mr(D^->^/uff\ 

^t-^yiMXMjf,®^-^ 
[0030] »<^^^?»?^^S«aL7C^*^^S^m^b^ (Mn0 2 , NiO, Fe O , 

CuO, Li O, W0 3 , SnOtm^mnLtc-i-y^XW^^TiO -tfyxp O -MnO (- 
NiO, FeO, CuO, Li O, W0 3 , Sn0 8 4W*^y*^^*©/J^flt!C»lHl^( 
Sl2(c))^^^X^|Ej$ff([g2(d))^, 450 o C-650° C4t©#lfcITf-y 

H^^^^^i-§^y^x^ s B B ^b^-^^^7^^yy^^ 

[0031] |fr)*£{C400° Cr-6^r«K^^7jD»aUTXDyy^^p 123 ^^ Lfc 

TiO z (T-e^y r^ffi) -p o g T*fe§yy^-7^^^(7)^^m^iim 
$©^*teHj3 (a) i^-n ^ttA^fi (^f-^AO <7)«5££^L7t 0 
500° c^2f!#r,mtt«SLfc^y^^x^ B E |Tio r ^7^p o m&yytf- 

7^ v *©«mT-«»?K$rEI3 (b) fc^i-„ n^Na^^sl (^f-=f 
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2 2 5 

J: t 9#^^tl,TV^?,-i^»^^^ c0¥ ^ (03 (c) ^3 (d)) Tflm&tltCo 
[0032] S^.^-y^^cDy^-Ay-^^y^XTiom^B^^ft^MS^B^ 

wm-M (03 (e) (f) ) xmm^tit^ 

[0033] ^#XPjfcjf ^fiftlli;^ BET/nyhtcioTfllSLfee^, 450° CX^m 

^SL^i-y^xmH B s TiO 2 -^^PO 5 ^^y#-7^m^]:b^®^tt^290 

mVgTfcot ^*^5S^?afta^B?L(7)^X(^)$rEl4tc^i- 0 « 
SC&l NTH, 50^400mVg$£ffl£>^l >^ T ^^ o 
[0034] #7*ffi;«:boT. TVlMX&jj±^ 

^^X^[H]^^^Xa0^m^[ll5(a) [C^iim^H«cD^^ll]5(b) 

2 2 5 

[0035] *M^0J(or^mMu ? y^'>A^)ix/^^cov^T^0J-t-§ o ± 

^^©3^^^{-^-^^7L(^T)^»j^^iE^iJ^y^X^^^ig^ 
^^(Ti0 2 )-«^b^t7)j/^t@(P 2 O g )yy^-^^^^^m^tt, ?fe«x«^ 

m0.1A/g(DU-hT*320-380mAh/g % 10A/g<7)^— hT220"280mAh/g^^c7)^ bJ 

[0036] m6\z s *mi<o^;^xw&&&mmm(r\o ymmm^tm^y^mp o 

2 2 

5 )yy#-^^/j^x^@Jr(xRD)/^->'i:^^xa[i]^°y->'^^i- 0 
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^-nxmmjf(xRD)y<^>v\~±, A^fit^aooK (110)^(200)00 

)£11}XM®$t;<#-Z/X*}X T^ifTiOm^D(101) s (004), (200), ( 
[0037] ^W©3^ttfcJ&-fc»?L (#T) ^i|ttfcE3?!ILfc»3efi«» 

^i^M^fc#i(TiOH£^>fl^ 

(TiO)^mmim<Dtf7XmPp)?lytf-7X<Dl. OV-4. OV(vs. U/U + )(0 

im\z#vzw*wtfw>'m-&m\zjF't 0 x*^>mmzo. i m v/ s 

[0038] *fc, 3^Wfc^ttK^L^-/jMW JL (#T) AJRftffc* 
1~o ?5-^mc7)m»^«0.1A/g, 0.5A/g, 2A/g % 10A/gT*>5„ ^^^^1^5 

So 

^m(M5n)y°n-fe^Ti^:, m«^fl0.1A/g, 0.5A/g, 2A/gil0A/g(^LT, ft 
m^4^^Hm382mAh/g, 373mAh/g, 347mAh/gt257mAh/gTfc5 0 » 
*toWg, 0.5A/g, 2A/gtlOA/gfc^LT, ^m^4tt^H^^L347mAh/g, 
342mAh/g, 333mAh/gt243mAh/gTfo£ 0 

[0039] aiofc, m^mmiiw^mmmm^tcm^^mmimiiio y 

10A/g)^^t" o 

2® g (I^A^^^l^^) t3tM®A (!)f7A©f^ 

-7Jl/-v/ay)tt N ti^240mAh/gCLiTiO 2 , x=0.7)tu#T$>9s Ml©t^W 
^/V#Tl>$n80mAh/g(Li TiO , x=0.5-0.6) M^T££LTV^ 0 
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[0040] w^u&mmtmz-^Tte, i-^m^rio ^m^m^^xm^ 

tcm, mtDW^Mi&mmk^XhZTiO x NiO, MnO , FeO, Fe 0 , Fe O CoO 

2 2 2 3 3 4 J 

Co0 2 , Cr0 2 , Co 3 0 4> WO a , SnO, SnO KoVvCfc, £fc£;h,b<aj!g£4&K:oV^, 

[0041] Ellfc, 3&7Clft£^©i^Xtf$£^ )- 
^mcDm^^^20A/g©B#^ N TiO -P O , TiO -P O -SnO irTiO -P O -CuO 

2 2 5 2 2 5 2 2 2 5 

(OHmM^mt, ^tim65mAh/g N 195mAh/g£270mAh/g-Cfc;5 o 

TiO -P O -SnCM^LT, M(SS)7n^T1i, «^^«10A/g N 
20A/g, 50A/g^*fLT\ ^m^itt^tt^tU 230mAh/g, 195mAh/g, 178mAh/g 

[0042] m^m«tt^^Sft^«iWk*SrttJI^&Di-SrfcfCj:oT, 

^Xl^oT, $^>^^^m^5t -^«#te^^<^ o gJii^TiO HP O -SnO 

2 2 5 

tT\o-?p-cuO(onmz%fr&^vx\ ^ 0 

Mn0 2 , NiO, Fe 0 3 , Li O, WO^^il^Lfcl^ v a±^»LT%, 

[0043] *wmm%mm-~ti.mii (*m ^^ij^tciE^jL^^i,^^^ 

(Ti0 2 )-M«^<D;^ 
^^^^ @ Mfi^^TV ^„ 



WO 2005/047199 



15 



PCT/JP2004/016981 



[0044] *&mti, ^x^mmmi-^i-y^^w^m^-^y^^yy^-yy 
mm, ^*^-fftM7/^x&mmmx%z> 0 

ZVXtJt, W&gu&mmm (TiO , NiO, MnO , FeO, Fe 0 Fe 0 

2 2 2 3 3 4' 

CoO, Co0 2> Cr0 2 , CoO, WO^ SnO, Sn0 2 ^5S*RLfcl^±tf>&JI^frfe)- 

ummkm<Dtf77,mpp 5 , sio 2% Bpi^m^Ltzmu±)-^m^mmtm( 

Mn0 2 , NiO, Fe^, CuO, Li 0, WO^ SnO a^^Ufcl«&±)j&>kfc5;*y#-7 

mxh^>o 

T-ymi(D^^ mMwtv^vj*j*>j!)mmzAti5<Dx\ i-smntu^sn 
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^^w^mm-mm^yy^-y^m^x\mm 0 

[5] 7n^iiB^3m#ffi^M^^ 

, po(oc h ) XflsKoc h ) 4 (teos) ©^^m^^^-y^/v^r/v^ 

7^«^y#^7^»5iesr3K3rr5is, 5^^^400-700° cru&M-f 3 

x PO(OC H ) XttSKOC H ) 4 (TEOS) <Dfrf^X1iZtVb&^#--;—A<4$<DTA>=i 

ym^ixitM-m^mmim^yy^hyy^mm^i-mm^m^^x 

Us gi&-90° C-ef^^W/Wb^5X@^^^^350-400° C-C7Jn« 



WO 2005/047199 17 PCT/JP2004/016981 

ft-^l@I^y*-77»Mt5I|, 35^^400-700° C7?M 

[7] ^S^7^©IW^ii\ Si0 2 , Ppxmpx%^t%WWth~tmik 

[8] -£jSft&Rh?Mn0 2> NiO, Fe^, CuO, LiO, WO^ SnO^cDM^JR^b^ 

^-^H^^g^l^ (-MnO -NiO, -Fe O , -CuO, -Li 0, -WO , -SnO 

2 2 3 2 3 2 

[9] ^MT^^^KXtt^M<7)^b#I^ s Ti(OC H ) , Zr(OC H ) , NbCl , LiCl NiCl 

3 7 3 4 9 4 5 

2> FeCl 3 , CuCl 2 , MnQ, SnCl XfcWCl X^Z.t^mt't^mm5-80^^'ftl 

[io] ft*^5-9{cioTjK^^tife^/^x^^^^k^-^7^^y^-7^ 

Me 

[13] ^^X«^^^^o^y^X^^f H ^>fk#;-^7^^y7K-7^^ 



WO 2005/047199 



PCT/JP2004/016981 



t;t^Wii{kiiS, TiO N NiO, MnO , FeO, Fe O , Fe 0 CoO CoO 

2 2 2 3 3 A ' Z 

Cr0 2 , CoO^, W0 3> SnO, Sn0^hm^fzm&.±(D^mm^X%^t^m 
#7*tBfi, Mn0 2 , NiO, Fe 2 0 3 , CuO, UO, WO^, SnOd^&LfclSJ^Jb©^ 

3znm^tjkm)\s-h*o. iA/ g ±5i(m(i. oA/gK^TOioorauoA/ 

^m-^m^-h^O. lA/giOlCHgF(l. OA/g), $fefCttlOOffiF(lOA/g)^ 
n'ffliy-h&O. lA/gWlOffifCl. OA/g) s $bfCttlOO^(10A/g)*TiS< 



WO 2005/047199 



19 



PCT/JP2004/016981 



[23] ^^mm^wmMM^tc^/^^x^m^mmm-^mmm^y 

^-gM&mmtm^ ll-M^f^o. lA/gimoo^ sooig, iooo 

[24] ^^*(r>95%)^LTV^t^#»1-^|f^iI11^23(DV^^^-E 
[25] y^!>^^^b-^^IJffiLfc^t^#mtt-6ff^ll-24(DV^^^ 



WO 2005/047199 



1/13 



PCT/JP2004/016981 




WO 2005/047199 



PCT/JP2004/016981 



[02(b)] 




20 30 40 50 60 

20/degree 



m\2( c )] 



55DT, SSrO, 70TrD, ?5P O. 




1 2 3 4 

2&/degree 



WO 2005/047199 



PCT/JP2004/016981 



[02(d)] 




J 1 1 > i 1 1 : L 



20 30 40 50 60 
20/degree 

[03(a)] 




WO 2005/047199 



PCT/JP2004/016981 



[03(e)] 




[03(f)] 



WO 2005/047199 PCT/JP2004/016981 
6/13 

[04] 




WO 2005/047199 

[05(a)] 



PCT/JP2004/016981 





8 


ft 5 

i] 


i §| ; 

I 1 : | , e ; f l 5o>c 






j (i 20 30 40 50 60 70 
J il^l 


t \ 


550'C 


— i . 


40C'C 



1 2 3 4 5 6 
20/degree 

[05(b)] 





50 nm 



WO 2005/047199 



PCT/JP2004/016981 



[05(c)] 



o 
o 




h 

i i 

1 ' 


£ I 
; r I! 

r ~ ( & 


k 

J II 

j p 


• 8 ,', »• 


,1 (120 30 40 50 60 70 


j j j ^r>;^^2e/dftgree ssot 


v ! 

\ 

_ i i 


C. CM 

40O"C 



1 2 3 4 5 6 
20/degree 



[N5(d)3 



WO 2005/047199 



[SI6] 



9/13 



PCT/JP2004/016981 




1 2 3 4 5 6 

20 degree 



WO 2005/047199 PCT/JP2004/016981 



[07] 



WO 2005/047199 



11/13 



PCT/JP2004/016981 



Scan Rate O.lmv/s 




Capacity (mAh/g) 



WO 2005/047199 



PCT/JP2004/0 16981 



mio] 



300 



5S 



CO 



250 P 
200 
150 
100 p 

m 

50 



8 @ s s B 8 B 



□ Discharge 
O Charge 



i — i — i — i — i — i 



0 50 100 150 200 

Cycle Number 



WO 2005/047199 

ran] 



13/13 



PCT/JP2004/0 16981 




